T he "terrible triad" elbow fracture dislocation is a relatively infrequent but consistent pattern of elbow injury that involves dislocation of the elbow with fractures of the radial head and coronoid. The goals of treatment are a pain-free elbow with functional, stable range of motion. Nonoperative treatment involves prolonged immobilization that leads to elbow stiffness as well as joint incongruity or residual instability and may result in suboptimal outcomes because of elbow stiffness, joint incongruity, or residual instability. 1 Operative treatment is thus recommended in almost all cases, although until recently results had generally been considered less than ideal based on objective measurements of motion and strength as well as a variety of elbow scoring systems. 2 Historically, surgeons have used various strategies to determine which structures are repaired and how they are stabilized. Controversial questions have included whether to excise or replace complex radial head fractures, whether and how to repair the anterior elbow capsule or coronoid fracture, and what circumstances should prompt repair of the medial collateral ligament or placement of an external fixator. 3, 4 The strategy that the authors have used for the last decade is advocated in the literature but with few clinical outcome studies involving fixation or replacement of the radial head, repair of the lateral ulnocollateral ligament, repair of the anterior capsule or coronoid fracture, and repair of the medial collateral ligament in the event of instability after repair of these structures. 5 A few series have used similar or slightly different protocols and have used a variety of clinical elbow scoring systems to report outcomes (Table A, available at  the end of the PDF of this article) . 3, 4, 6, 7 Only 1 study has recently used a validated functional outcome instrument to assess the efficacy of this particular treatment approach. 7 The goal of this study was to report the functional medium-term outcome after standardized treatment of "terrible triad" elbow fracture dislocations.
Materials and Methods
Institutional review board approval was obtained for this study. All patients aged 18 years and older who underwent surgical treatment for "terrible triad" elbow fracture dislocation at the authors' institution between 2003 and 2010 were initially identified with International Classification of Diseases, ninth revision, billing codes (24666, radial head prosthetic replacement; 24665, open reduction and internal fixation radial head). Operative reports and radiographs were reviewed to eliminate other injuries, such as isolated radial head fractures or transolecranon fracture dislocations, specifically, to isolate true "terrible triad" injuries. The authors excluded patients who had concomitant upper extremity injuries (either ipsilateral or contralateral) at the time of surgery. Patients were contacted and returned to the clinic for a follow-up visit, at which time a Disabilities of the Arm, Shoulder, and Hand (DASH) questionnaire score and a visual analog score for pain were obtained. Anteroposterior and lateral plain radiographs of the elbow were taken. Radiographs were assessed for arthritic changes, maintenance of reduction, and development of heterotopic ossification. Arthritic changes were graded using the Broberg-Morrey scoring system, and heterotopic ossification was graded with the Brooker score. Clinical examination measurements were obtained as follows (performed with goniometer for motion tests and a dynamometer for strength tests): elbow flexion, elbow extension, pronation, supination, and grip strength.
The patients' DASH scores were compared with published normative values. 8 Paired t tests were used to compare motion and grip strength with those of the contralateral uninjured extremity. The chisquare test was used to compare Brooker scores between elbows that required elbow release with those that did not.
results
The initial Current Procedural Terminology code search identified 75 radial head injuries. Or these, 24 were isolated radial head fractures, 10 were transolecranon fracture dislocations, 16 were Monteggia fracture variants, and 7 were other nonrelevant injuries. Of these injuries, 18 were identified as "terrible triad" fracture dislocations. Two patients declined to participate, and the authors were unable to contact 3 others. Two patients were unable to return for follow-up examination but provided DASH and visual analog scores by mail. These patients were included in the mean DASH and visual analog scores reported as well as in the breakdown of surgical procedures (Table B , available at the end of the PDF of this article).
Operative reports and injury radiographs and computed tomography scans were reviewed. There were 7 type I coronoid fractures and 4 type II fractures. All patients had direct repair of the lateral ulnocollateral ligament to its insertion on the lateral epicondyle. Seven patients had suture fixation of the coronoid fragment and anterior capsule, 2 had screw fixation, and 2 had no repair of the coronoid. The authors included the 2 patients who did not undergo coronoid repair because the cases were performed with the previously discussed strategy in mind and involved intraoperative decisions that, in deviating from the rule, represent the practical application of a standard protocol. The radial head was replaced in 9 patients and repaired in 1, and a small fragment was excised in another. No patient required repair of the medial ligament complex (Table B , available at the end of the PDF of this article).
The average age of the patients at the time of injury was 51 years (range, 28-78) and the average follow-up was 38 months (range, 12-96).
At the time of follow-up examination, the average arc of motion of the injured elbow was 112°, whereas that of the contralateral elbow was 142° (P=.003). Flexion-extension of the injured elbows averaged 128° and 16°, respectively, and those of the contralateral sides were 142° and 1°, respectively (P<.001 and .015, respectively). Pronation of the injured elbow was 74° and of the contralateral side was 84° (P=.06). Supination of the injured elbow was 79° and of the contralateral side was 84° (P=.20). Grip strength was 68 lb on the injured side vs 77 lb on the contralateral side (P=.12).
The average DASH score was 19.7. The average visual analog score for pain was 2.2 on a scale of 10. The average Broberg-Morrey score was 1.0 (scale ranging from 1 to 4), and the average Brooker score was 0.6 (scale ranging from 0 to 3).
There were no infections. No patients in the series had persistent instability. Three patients underwent further surgical procedures, all for loss of motion. Two had elbow release at 5 and 7 months after the initial fixation. One underwent elbow release and excision of a radioulnar synostosis 9 months after injury. Elbows that underwent release had no difference in final range of motion compared with those that did not. Brooker scores were higher among the elbows that underwent release, but the differences were not statistically significant (P=.06). discussion "Terrible triad" elbow fracture dislocation remains an unusual and challenging injury. The authors performed a retrospective review of patients who had sustained a "terrible triad" elbow fracture dislocation and report the results, including validated outcome measures. Several retrospective series have been reported, with each reflecting differing injury patterns, operative strategies, and outcomes (Table C, available at the end of the PDF of this article).
Most recently, Garrigues et al 7 evaluated 40 patients and compared the "lasso" suture technique (28 patients) with anchors or screw fixation (12 patients) for coronoid fractures. The lasso suture group represented a similar surgical protocol to that in this study, and few patients had medial-sided repair or external fixator placement. Results were generally good in terms of range of motion and DASH score (16). 7 In 2004, Pugh et al 5 reported a series of 36 patients that included 8 type III coronoid fractures. They used an operative protocol similar to the one used in the current study, treating the coronoid fracture with suture fixation in 18 patients and screw fixation in 18 patients. Results were classified as excellent or good in 28 patients. Egol et al 4 reported a series of 29 patients at 27 months. In these patients, the 19 type I coronoid fractures were left unrepaired and 13 patients were placed into external fixators. The average DASH score was 28. 4 Chemama et al 9 published the results of 14 patients who were examined an average of 63 months after injury. Several medial-sided ligament repairs were performed and motion results were similar to those of the current study, with an average flexion-extension arc of 18° to 127°. 9 Winter et al 10 reported 13 patients at an average of 25 months. There were 7 type I coronoid fractures and 6 unfractured coronoids, all of which were treated with anterior capsular fixation using suture anchors in addition to radial head replacement for all radial head fractures. 10 Forthman et al 3 evaluated 22 "terrible triad" injuries within a larger series of elbow dislocations at 29 months. All coronoid fractures were type II and were treated with suture fixation, with additional screw fixation in 3 patients. No medial-sided repair or external fixation was performed. 3 In contrast, Zeiders and Patel 11 used hinged fixators in 21 of 32 patients.
The injury patterns and operative approaches of earlier studies are heterogeneous with respect to radial head and coronoid fracture type, methods of fixation, and extent of repair (ie, medial-sided repair or external fixator placement). The current series most closely parallels the studies of Forthman et al 3 and Garrigues et al, 7 with a mix of type I and type II coronoid fractures, a majority of radial head replacements, and no medial-sided repairs or external fixator placements.
The current results were similar to those of earlier studies, with an average flexion-extension arc of 112°, overall mild evidence of arthrosis, and an average DASH score of 20 compared with a normative value of 10. Four other studies have reported DASH scores previously. Egol et al 4 noted an average DASH score of 28 in their series with very few coronoids repaired, whereas Zeiders and Patel 11 reported an average of 23 in their series with a high incidence of external fixator placement. Other series reported DASH scores of 13 (Forthman et al 3 ) and 16 (Garrigues et al 7 ) . In both of these series, as well as in the current study, most coronoid fractures were treated with some form of fixation, and few medial-sided repairs or external fixators were employed, suggesting that the stability of the coronoid and repair of the lateral ulnar collateral ligament are the most important factors in overall elbow stability.
Assessment of stability is likely an area that leads to variation in surgical treatment because it is subjective and authors report a variety of methods for determination of whether the elbow is sufficiently stable after coronoid and lateral ulnar collateral ligament repair. Egol et al 4 defined stability as fluoroscopic congruence at flexion of 30° or greater. They used a hinged brace postoperatively within the congruent range in stable elbows. Forthman et al 3 and Garrigues et al 7 used a "hanging arm" or gravity extension test with the humerus supported and the forearm unsupported in extension with neutral rotation in the former study and supination in the latter. Stability was established through ulnohumeral congruency in this position on intraoperative imaging. Pugh et al 5 described stability as no posterior or posterolateral subluxation on fluoroscopy within a flexion-extension arc of 20° to 120° in neutral rotation. The authors used n Feature Article a neutral rotation hanging arm test in the current study. In series in which the coronoid was addressed, including the current study, both early and late instability were reported as unusual or nonexistent. The hanging arm test, which is a static test and thus is both easy to perform and reproducible, appears to be supported in assessing the need to address medial ligaments or placing an external fixator. The relative value of medial-sided repair or hinged external fixation in the setting of persistent instability compared with splinting in a static position of stability has not been addressed in the current study or earlier studies and remains an open question in the literature.
The average Brooker score was 0.6, suggesting that heterotopic ossification was not a significant problem for most patients. However, the 3 patients who required reoperation, in all cases, elbow release, had Brooker scores of 1 or 2, with an average elbow arc of motion at final follow-up equivalent to the group average. Although no statistically significant difference in Brooker scores was found between these 2 groups (reoperation vs none), the small sample size may be a limiting factor.
Delineating the factors that affect the outcome of the "terrible triad" fracture dislocation is difficult in part because this injury pattern is rare and encompasses multiple injured structures, each with its own particular variations. However, the use of a standardized surgical protocol helps to establish a pattern of treatment that allows for functional results with these challenging injuries. The hanging arm test is supported as a method to assess the need for repair of further structures after stabilization of the radial head, coronoid or anterior capsule repair, and secure lateral ulnocollateral ligament repair. Repair of these structures alone, however, should provide sufficient stability, as confirmed by the hanging arm test, to allow early motion and in most cases avoid the need for further medial or external fixation.
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